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© Method and apparatus for detecting defective 

s 

© A method and an apparatus for detecting a de- 
OOfective portion on the inner surface of a pipe, the 
|? outer surface of which is exposed, which comprises: 
heating or cooling a pipe, the outer surface of which 
2 is exposed, from the side of the outer surface there- 
p)Of or the inner surface thereof so that a difference in 
temperature is produced between a portion of the 
° outer surface of the pipe corresponding to an accu- 
Q.mulation of foreign matters or a thinner portion as a 
UJ defective portion on the inner surface thereof and a 
portion of the outer surface of the pipe correspond- 
ing to a normal portion of the inner surface thereof; 



ion on inner surface of pipe. 

then shooting the outer surface of the pipe by 
means of a thermal imaging system while the above- 
mentioned difference in temperature still remains on 
the outer surface of the pipe to obtain a thermal 
image of the difference in temperature; and detect- 
ing the accumulation of foreign matters or the thin- 
ner portion as the defective portion on the inner 
surface of the pipe by means of the thus obtained 
thermal image. 
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axis of said pipe, for guiding said first pedestal 
.(12); 

a first rack (25) provided on said one surface (11a) 
of said guide prop (11) in parallel with said first 
guide rail (24); 

a first pinion (26) engaging with said first rack (25); 
and 

a first motor (27), mounted on said first pedestal 
(12), for rotating said first pinion (26) to move said 
first pedestal (12) together with said heating 
mechanism (13) along said first guide rail (24) in 
cooperation with said first rack (25), said first pinion 
(26) being fixed to the tip of a rotation axle of said 
first motor (27). 

17. The apparatus as claimed in Claim 15, 
wherein: 

said second driving mechanism (16) comprises: 
a second guide rail (29), provided on said another 
surface (11b) of said guide prop (11) in parallel 
with the axis of said pipe, for guiding said second 
pedestal (15); 

a second rack (30) provided on said another sur- 
face (11b) of said guide prop (11) in parallel with 
said second guide rail (29); 
a second pinion (31) engaging with said second 
rack (30); and 

a second motor (32), mounted, on said second 
pedestal (15), for rotating said second pinion (31) 
to move said second pedestal (15) together with 
said thermal imaging system (4) along said second 
guide rail (29) in cooperation with said second rack 
(30), said second pinion (31) being fixed to the tip 
of a rotation axle of said second motor (32). 

18. The apparatus as claimed in Claim 15, 
wherein: 

said reflecting plate driving mechanism (23) com- 
prises: 

a reflecting plate supporting frame (34), mounted 
on said first pedestal (12), for return-movably sup- 
porting said reflecting plate (21) along the direction 
of curvature thereof at the both ends thereof, said 
reflecting plate supporting frame (34) having a plu- 
rality of pairs of guide rollers (40) at each of the 
both side portions (34c, 34d) thereof, for holding 
each of said both ends of said reflecting plate (21) 
in between: 

a threaded rod (35), vertically and rotatably sup- 
ported at an upper end thereof by an upper portion 
(34a) of said reflecting plate supporting frame (34), 
and at' a lower end thereof by a lower portion (34b) 
of said reflecting plate supporting frame (34); 
a nut (36), having a connecting plate (37), screw- 
engaging with said threaded rod (35); 
at least one connecting rod (38), one end of which 
is connected to said connecting plate (37) of said 
nut (36), and the other end of which is connected 
to the back of said reflecting plate (21); and 
a third motor (39), mounted on said first pedestal 



(12), for rotating said threaded rod (35) around the 
axis thereof to return-move said reflecting plate 
(21) along the direction of curvature thereof, in 
cooperation with said nut (36), said connecting 
5 plate (37) and said at least one connecting rod 
(38). 
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7. The method as claimed in Claim 6, char- 
acterized by: 

cooling said pipe from the side of the outer surface 
thereof, prior to said heating of said pipe from the 
side of the inner surface thereof. 

8. The method as claimed in Claim 1, char- 
acterized by: 

heating said pipe from the side of the inner surface 
thereof so that a difference in temperature is pro- 
duced between a portion of the outer surface of 
said pipe corresponding to a defective portion on 
the inner surface thereof and a portion of the outer 
surface of said pipe corresponding to a normal 
portion of the inner surface thereof; then obtaining 
said thermal image of said difference in tempera- 
ture, which has a portion showing a higher tem- 
perature, corresponding to a thinner portion as said 
defective portion on the inner surface of said pipe; 
and detecting said thinner portion as said defective 
portion by means of said thermal image. 

9. The method as claimed in Claim 8, char- 
acterized by: 

cooling said pipe from the side of the outer surface 
thereof, prior to said heating of said pipe from the 
side of the inner surface thereof. 
. . 10. The method as claimed in Claim 1, char- 
acterized by: ; 
.cooling said pipe from the side, of the inner surface 
thereof, so that a difference in : temperature is pro- 
duced, between, a -.portion of the outer., surface of 
said pipe corresponding to a defective portion on 
the inner surface thereof and a portion of , the outer 
surfaced of said pipe corresponding to . a normal 
portion of the inner surface thereof; then obtaining 
said thermal image of said difference in tempera- 
ture, which has a portion showing a higher tem- 
perature, corresponding to an accumulation of for- 
eign matters as said defective portion on the inner 
surface of said pipe; and detecting said accumula- 
tion of foreign matters as said defective portion by 
means of said thermal image. 

1 1 . The method as claimed in Claim 1 0, char- 
acterized by: 

heating said pipe from the side of the outer surface 
thereof, prior to said cooling of said pipe from the 
side of the inner surface thereof. 

12. The method as claimed in Claim 1, char- 
acterized by: 

cooling said pipe from the side of the inner surface 
thereof so that a difference in temperature is pro- 
duced between a portion of the outer surface of 
said pipe corresponding to a defective portion on 
the inner surface thereof and a portion of said outer 
surface of said pipe corresponding to a normal 
portion of the inner surface thereof; then obtaining 
said thermal image of said difference in tempera- 
ture, which has a portion showing a lower tempera- 
ture, corresponding to a thinner portion as said 



defective portion on the inner surface of said pipe: 
and detecting said thinner portion as said defective 
portion by means of said thermal image. 

13. The method as claimed in Claim 12. char- 
5 acterized by: 

heating said pipe from the side of the outer surface 
thereof, prior to said cooling of said pipe from the 
side of the inner surface thereof. 

14. The method as claimed in Claim 1, char- 
io acterized by: 

effecting said cooling of said pipe from the side of 
the outer surface thereof or the inner surface there- 
of by spraying any one of a liquefied gas and a 
low-boiling-point liquid. 
is 15. An apparatus for detecting a defective por- 
tion on the inner surface of a pipe, the outer 
surface of which is exposed, characterized by com- 
prising: 

a guide prop (11), having a square cross section 

20 and a prescribed length, fitted releasably to the 
outside of a pipe, the outer surface of which is 
exposed, in parallel with the axis thereof; 
a first pedestal (12) movable along one surface 
(11a) of said guide prop (11) in parallel with the 

25 axis of said pipe; 

a heating mechanism (13), mounted on said first 
pedestal (12). for heating said pipe from the side of 
the outer surface thereof, said heating mechanism 
(13) comprising a reflecting plate (21), having a 

30 . concavely curved surface concentric with said pipe, 
directed toward said pipei a plurality of heaters (22) 
provided on said concavely curved surface of said 
reflecting plate (21), and a reflecting plate .driving, 
mechanism (23) For return-moving said reflecting 

35 plate (21 ) along the direction of curvature thereof; 
a first driving mechanism (1 4) for moving said first 
pedestal (12), together with said heating mecha- 
nism (13). along said one surface (11a) of said 
guide prop (11) in parallel with the axis of said 

40 pipe; 

a second pedestal (15) movable along another sur- 
face (11b) of said guide prop (11) in parallel with 
the axis of said pipe; 

a thermal imaging system (4), mounted on said 
45 second pedestal (15) toward said pipe, for shooting 
the outer surface of said pipe heated by said 
heating mechanism (13) to obtain a thermal image 
thereof: and 

a second driving mechanism (16) for moving said 
so second pedestal (15). together with said thermal 
imaging system (4). along said another surface 
(11b) of said guide prop (11) in parallel with the 
axis of said pipe. 

16. The apparatus as claimed in Claim 15, 
55 wherein: 

said first driving mechanism (14) comprises: 

a first guide rail (24), provided on said one surface 

(11a) of said guide prop (11) in parallel with the 

18 
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pipe, but applicable to the detection of a defective 
portion on the inner surface of the side wall of a 
container, for example. 

According to the present invention, as de- 
scribed above in detail, the following industrially 
useful effects are provided: 

(1 ) By shooting the outer surface of a pipe to 
be tested by means of a thermal imaging system, 
a defective portion on the inner surface of the pipe 
is instantaneously displayed on a monitor TV 
screen. It is therefore possible to detect a defective 
portion on the inner surface of the pipe easily, 
rapidly and certainly. 

(2) It is possible to detect a defective portion 
from a place apart from a pipe to be tested in a 
non-contact manner. It is not therefore necessary 
to provide a scaffold for detecting operation even 
when the pipe is installed at an elevated position 
apart from the ground. 

(3) Handling of the thermal imaging system 
does not require a special qualification. There is 
therefore no limitation in personnel for the detec- 
tion. 

(4) The range of a single run of detection is 
relatively wide as compared with the conventional 
detection methods. A higher operating efficiency is 
therefore available. 

(5) It is possible to detect a position, a shape 
and an approximate size of a defective portion, 
irrespective of the magnitude of the defective por- 
tion. 

(6) A defective portion can be detected even 
on a pipe in service. 



Claims 

1. A method for detecting a defective portion 
on the inner surface of a pipe, the outer surface of 
which is exposed, characterized by: 
heating or cooling a pipe, the outer surface of 
which is exposed, from the side of the outer sur- 
face thereof or the inner surface thereof so that a 
difference in temperature is produced between a 
portion of the outer surface of said pipe corre- 
sponding to a defective portion on the inner surface 
thereof and a portion of the outer surface of said 
pipe corresponding to a normal portion of the inner 
surface thereof; then shooting the outer surface of 
said pipe by means of a thermal imaging system 
while said difference in temperature still remains on 
the outer surface of said pipe to obtain a thermal 
image of said difference in temperature; and de- 
tecting said defective portion on the inner surface 
of said pipe by means of the thus obtained thermal 
image. 



2. The method as claimed in Claim 1, char- 
acterized by: 

heating said pipe from the side of the outer surface 
thereof so that a difference in temperature is pro- 

5 duced between a portion of the outer surface of 
said pipe corresponding to a defective portion on 
the inner surface thereof and a portion of the outer 
surface of said pipe corresponding to a normal 
portion of the inner surface thereof; then obtaining 

70 said thermal image of said difference in tempera- 
ture, which has a portion showing a higher tem- 
perature, corresponding to said defective portion 
on the inner surface of said pipe; and detecting 
said defective portion by means of said thermal 

is image. 

3. The method as claimed in Claim 2, char- 
acterized by: 

cooling said pipe from the side of the inner surface 
thereof, prior to said heating of said pipe from the 
20 side of the outer surface thereof. 

. 4. The method as claimed in Claim 1, char- 
acterized by:. 

cooling said pipe from the side of the outer surface 
thereof so that a difference in temperature is pro- 

25 duced between a portion of the outer surface of 
said pipe corresponding to a defective portion on 
the inner surface thereof and a portion of the outer 
surface of said pipe corresponding to a normal 
portion of the inner surface thereof; then obtaining 

30 said thermal image of said difference in tempera- 
ture, which has a portion showing a lower tempera- 
ture, corresponding to said defective portion on the 
inner surface of said pipe; and detecting said de- 
fective portion by means of said thermal image. 

as 5. The method as claimed in Claim 4, char- 
acterized by: 

heating said pipe from the side of the inner surface 
thereof, prior to said cooling of said pipe from the 
side of the outer surface thereof. 
40 6. The method as claimed in Claim 1, char- 
acterized by: 

heating said pipe from the side of the inner surface 
thereof so that a difference in temperature is pro- 
duced between a portion of the outer surface of 

45 said pipe corresponding to a defective portion on 
the inner surface thereof and a portion of the outer 
surface of said pipe corresponding to a normal 
portion of the inner surface thereof; then obtaining 
said thermal image of said difference in tempera- 

50 ture, which has a portion showing a lower tempera- 
ture, corresponding to an accumulation of foreign 
matters as said defective portion on the inner sur- 
face of said pipe; and detecting said accumulation 
of foreign matters as said defective portion by 

55 means of said thermal image. 
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ously shot in the circumferencial direction and in 
the longitudinal direction thereof by means of the 
thermal imaging system 4 while the above-men- 
tioned difference in temperature still remains on the 
outer surface 1a of the pipe 1 to obtain a thermal 
image of the difference in temperature. By means 
of the thus obtained thermal image, it is possible to 
continuously detect defective portions such as an 
accumulation of foreign matters or a thinner portion 
on the inner surface 1b of the pipe 1, in the 
circumferential direction and in the longitudinal di- 
rection of the pipe 1. Driving and stoppage of the 
first motor 27 of the first driving mechanism 14, the 
second motor 32 of the second driving mechanism 
16 and the third motor 39 of the reflecting plate 
driving mechanism 23 may be automatically con- 
ducted by a controller not shown. In order to detect 
the defective portions on the inner surface 1b of 
the pipe 1 over the entire circumference thereof, it 
suffices to loosen the bands 18 provided at the 
both ends of the guide prop 11, and cause the 
apparatus of the present invention to move in the 
circumferential direction of the pipe 1. 

Now. an example of application of the method 
of the present invention is described with reference 
to the drawings. 



EXAMPLE 

Four circular thinner portions .8 having a diam- 
eter of 50 mm and a depth of 1 mm, 2 mm, 3 mm 
and 4 mm, respectively, were formed on the. inner 
surface 1b of a pipe 1 made of steel having a 
diameter of 100 mm and a wall thickness of 5 mm, 
along the axis of the pipe 1 . Detection of these four 
circular thinner portions 8 as the defective portions 
on the inner surface 1 b of the pipe 1 was accom- 
plished in accordance with the above-mentioned 
second embodiment of the method of the present 
invention. More particularly, as shown in Fig. 5, the 
pipe 1 was heated from the side of the outer 
surface 1a thereof by means of the heating mecha- 
nism 3 so that a difference in temperature is pro- 
duced between the portions of the outer surface 1a 
of the pipe 1 corresponding to the thinner portions 
8 as the defective portions on the inner surface 1 b 
thereof, on the one hand, and the portion of the 
outer surface 1a of the pipe 1 corresponding to the 
normal portion of the inner surface 1b thereof, on 
the other hand. Then, the outer surface 1a of the 
pipe 1 was shot by means of the thermal imaging 
system 4 while the above-mentioned difference in 
temperature still remains on the outer surface la of 
the pipe 1 to obtain a thermal image 6 of the 
difference in temperature. 

Fig. 26 is a descriptive view of the thermal 
image 6 obtained as described above. As shown in 



Fig. 26, the thermal image 6 of the difference in 
temperature on the outer surface 1a of the pipe 1 
displayed a portion 53a showing a temperature 
corresponding to the thinner portion with a depth of 

5 1 mm, a portion 53b showing a temperature cor- 
responding to the thinner portion with a depth of 2 
mm, a portion 53c showing a temperature cor- 
responding to the thinner portion with a depth of 3 
mm, and a portion 53d showing a temperature 

10 corresponding to the thinner portion with a depth of 
4 mm. The portion 53a showing a temperature 
corresponding to the thinner portion with a depth of 
1 mm was displayed in a color indicating a tem- 
perature higher than that of a portion of the outer 

T5 surface 1a of the pipe 1 corresponding to the 
normal portion of the inner surface 1b thereof: the 
portion 53b showing a temperature corresponding 
to the thinner portion with a depth of 2 mm was 
displayed in a color indicating a temperature higher 

20 than that of the portion 53a showing a temperature - 
corresponding to the thinner portion with a depth of 
1 mm: the portion 53c showing a temperature 
corresponding to the thinner portion with a depth of 
3 mm was displayed in a color indicating a tem- 

25 perature higher than that of the portion 53b show- 
ing a temperature corresponding to the thinner 
portion with a depth of 2 mm; and the portion 53d 
showing a temperature corresponding to the thin- 
ner portion with a depth of 4 mm was displayed in 

so a color indicating a temperature higher than mat of 
the portion 53c showing a temperature correspond- 
ing to the thinner portion with a depth of 3. mm. 
The portion 53d showing a temperature corre- 
sponding to the thinner portion with a depth of 4 

35 mm was first displayed in the thermal image 6, and 
then, the portion 53c showing a temperature cor- 
responding to the thinner portion with a depth of 3 
mm, the portion 53b showing a temperature cor- 
responding to the thinner portion with a depth of 2 

40 mm, and the portion 53a showing a temperature 
corresponding to the thinner portion with a depth of 
1 mm were sequentially displayed in this order in 
the thermal image 6. Thus, a position, a shape, and 
an approximate depth of the thinner portions on the 

45 inner surface 1b of the pipe 1 could be detected by 
means of these portions 53a, 53b, 53c and 53d of 
the thermal image 6, which showed respective tem- 
peratures higher than that of the portion of the 
outer surface 1a of the pipe 1 corresponding to the 

so normal portion of the inner surface thereof. 

In the method of the present invention, the 
material of the pipe to be tested may be any of 
steel and other metals, plastics, concrete and oth- 
ers. The method of the present invention is ap- 

55 plicable to any cross-sectional shape and size of 
the pipe to be tested. Furthermore, the method of 
the present invention is not limited to the detection 
of a defective portion on the inner surface of the 
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rod 35 around the axis thereof to return-move the 
reflecting plate 21 along the direction of curvature 
thereof, in cooperation with the nut 36, the connect- 
ing plate 37, and the at least one connecting rod 
38. s 

The reflecting plate supporting frame 34 has a 
plurality of pairs of guide rollers 40 at each of the 
both side portions 34c and 34d thereof, for holding 
each of the both ends of the reflecting plate 21 in 
between. The reflecting plate 21 is supported to 
return-movably along the direction of curvature 
thereof by the plurality of pairs of guide rollers 40 
at the both ends of the reflecting plate 21. The 
lower end of the threaded rod 35 passes through a 
lower portion 34b of the reflecting plate supporting is 
frame 34 and projects downwardly therefrom. The 
lower end of the threaded rod 35 is connected to 
the rotation axle of the third motor 39 through a 
gear in a gear box 41 provided above the third 
motor 39. The threaded rod 35 rotates around the 20 
axis thereof clockwise and anticlockwise by the 
actuation of the third motor 39 to cause the nut 36, 
having the connecting plate 37, screw-connected 
with the threaded rod 35 to move up and down. As 
a result, the reflecting plate 21 is caused to return- 25 
move along the direction of curvature thereof by 
means of the at least one connecting rod. 38, the 
one end of which is connected to the connecting 
plate 37 of the nut 36, and the other end of which 
is' connected to the back of the reflecting plate 21 . 30 

Two guide bars 43 are vertically provided with 
the threaded bar 35 in between. Each of the guide 
bars 43 is fixed at an upper end thereof to the 
upper portion 34a of the reflecting plate supporting 
frame 34, and at a lower end thereof to the lower 35 
portion 34b of the reflecting plate supporting frame 
34. A through-hole having a guide socket 44 is 
provided on each of the both end portions of the 
connecting plate 37, and each of the guide bars 43 
is inserted into each of through-holes of the con- -to 
necting plate 37. Therefore, the nut 36 and its 
connecting plate 37 move up and down along the 
threaded rod 35, while being guided by the guide 
bars 43, thus preventing swinging during vertical 
movement. A contact piece 45 of a limit switch for 45 
providing upper and lower limits of movement of 
the return-moving reflecting plate 21 is provided at 
one end of the connecting plate 37. An upper limit 
switch 46 and a lower limit switch 47 are provided 
respectively at positions where these limit switches 50 
come into contact with the contact piece 45 which 
moves vertically together with the connecting plate 
37. The upper limit switch 46 and the lower limit 
switch 47 are secured to a supporting bar 48 which 
is fixed at an upper end thereof to the upper 55 
portion 34a of the reflecting plate supporting frame 
34, and at a lower end thereof to the lower portion 
34b of the reflecting plate supporting frame 34. 



The thermal imaging system 4 is secured to 
the upper end of a supporting leg 49 having a 
fixing piece 50 at a lower portion thereof. A hori- 
zontal rod 51 for supporting the thermal imaging 
system 4 is fixed to a side of the second pedestal 
1 5 so as to project horizontally from the side of the 
second pedestal 15. By inserting the horizontal rod 
51 into the fixing piece 50 of the supporting leg 49, 
the thermal imaging system 4 is position-adjustably 
mounted on the second pedestal 15 toward the 
pipe 1 . In Fig. 25, 52 indicates a handle for secur- 
ing the supporting leg 49 of the thermal imaging 
system 4 to the horizontal rod 51 . 

According to the above-mentioned apparatus of 
the present invention, a defective portion on the 
inner surface 1b of the pipe 1. the outer surface of 
which is exposed, is detected as follows. The guide 
prop 11 is fitted releasably to the outside of the 
pipe 1 to be tested in parallel with the axis thereof 
by means of the band 18 provided at each of the 
both ends of the guide prop 1 1 . The first motor 27 
of the first driving mechanism 14 rotates the first 
pinion 26 to move the first pedestal 12, together 
with the heating mechanism 13, on the one surface 
11a of the guide prop 11 along the first guide rail 
24, in cooperation with the first rack 25. On the 
other hand, the third motor 39 of the reflecting 
plate driving mechanism 23 rotates the threaded, 
rod 35: around the axis thereof to return-move the 
reflecting plate 21 along the direction of curvature 
thereof, in cooperation with the nut 36, the connect- 
ing plate 37 and the at least one connecting rod 
38: More specifically, the first pedestal 12 moves, 
together with the heating mechanism 13, which 
comprises the reflecting plate 21, the heaters 22 
and the reflecting plate driving mechanism 23, on 
the one surface 11a of the guide prop 11 along the 
first guide rail 24, thus causing the heating mecha- 
nism 13 to heat the pipe 1 from the side of the 
outer surface 1a thereof in the circumferential di- 
rection and in the longitudinal direction. Heating of 
the pipe 1 from the side of the outer surface 1a 
thereof by means of the heating mechanism 13 is 
accomplished so that a difference in temperature is 
produced between a portion of the outer surface 1a 
of the pipe 1 corresponding to a defective portion 
on the inner surface 1b thereof such as an accu- 
mulation of foreign matters or a thinner portion, on 
the one hand, and a portion of the outer surface 1a 
of the pipe 1 corresponding to a normal portion of 
the inner surface 1b thereof, on the other hand. 

On the other hand, the second motor 32 of the 
second driving mechanism 16 rotates the second 
pinion 31 to move the second pedestal 1 5 together 
with the thermal imaging system 4, on the another 
surface 1 1 b of the guide prop 1 1 along the second 
guide rail 29, in cooperation with the second rack 
30. The outer surface 1a of the pipe 1 is continu- 
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ments of the method of the present invention, in 
order to detect a thinner portion 8, for example, as 
the defective portion on the inner surface 1 b of the 
pipe 1 over the entire circumference of the inner 
surface 1b thereof, it suffices, as shown by the 
arrows in Fig. 20, to sequentially shoot the outer 
surface 1a of the pipe 1 by means of the thermal 
imaging system 4 from three points a, b and c or 
four points a', b', c' and d' in the circumferential 
direction. 

Now, an embodiment of the apparatus of the 
present invention is described with reference to 
Figs. 21 to 25. 

The apparatus of the present invention for de- 
tecting a defective portion on the inner surface of a 
pipe, the outer surface of which is exposed, com- 
prises, as shown in Figs. 21 to 25, a guide prop 1 1 . 
having a square cross section and a prescribed 
length, fitted releasably to the outside of a pipe 1 
to be tested, the outer surface of which is exposed, 
in parallel with the axis of the pipe 1; a first 
pedestal 12 movable along one surface 11a of the 
guide prop 1 1 in parallel with the axis of the pipe 1 ; 
a heating mechanism 13, mounted on the first 
pedestal 12, for heating the pipe 1 from the side of 
the outer surface 1a thereof; a first driving mecha- 
nism 14 for moving the first pedestal 12, together 
.with the, heating mechanism 13, along the surface ; 
lia of the guide prop 11 in parallel with the axis of' 
the. pipe. ,1; .a "second pedestal 15 movable along 
another surface 1 1 b of the guide prop 1 1 in parallel 
with the axis of the pipe 1; a thermal imaging 
system 4, mounted on the second pedestal 15 
toward the pipe 1, for shooting the outer surface 1a 
of the pipe 1 heated by the heating mechanism 13 
to provide a thermal image thereof; and a second 
driving mechanism 16 for moving the second ped- 
estal 15, together with the thermal imaging system 
4, along the another surface 1 1 b of the guide prop 
11 in parallel with the axis of the pipe 1. 

The guide prop 11 comprises, for example, a 
square pipe made of aluminum. A band 18 com- 
prising a pair of semi-annular fittings 19 and 20 for 
releasably fitting the guide prop 11 to the pipe 1 
through an arm 17, is provided at each of the both 
ends of the guide prop 11. The guide prop 11 is 
releasably fitted to the pipe 1 to be tested, by 
putting the pipe 1 between the pair of fittings 19 
and 20, and tightening flanges 19a and 20a formed 
at the both ends of each of the pair of fittings 19 
and 20 toward each other by means of bolts and 
nuts. 

The heating mechanism 13 mounted on the 
first pedestal 12 comprises a reflecting plate 21, 
having a concavely curved surface concentric with 
the pipe 1 , directed toward the pipe 1 ; a plurality of 
heaters 22 provided on the concavely curved sur- 
face of the reflecting plate 21 ; and a reflecting plate 



driving mechanism 23 for return-moving the reflect- 
ing plate 21 along the direction of curvature there- 
of. The reflecting plate 21 comprises, for example, 
an aluminum sheet. A plurality of bar-shaped in- 
s frared heaters, for example, as the heaters 22. are 
provided at prescribed intervals on the concavely 
curved surface of the reflecting plate 21 . 

The first driving mechanism 14 comprises a 
first guide rail 24, provided on the one surface 11a 

w of the guide prop 1 1 in parallel with the axis of the 
pipe 1, for guiding the first pedestal 12; a first rack 
25 provided on the one surface 11a of the guide 
prop 11 in parallel with the first guide rail 24; a first 
pinion 26 engaging with the first rack 25; and a first 

75 motor 27, mounted on the first pedestal 12, for 
rotating the first pinion 26 to move the first pedes- 
tal 12 together with the heating mechanism 13 
along the first guide rail 24 in cooperation with the 
first rack 25. A first guide element 28 engaging 

20 with the first guide rail 24 is provided on the lower 
surface of the first pedestal 12. The first pinion 26 
engaging with the first rack 25 is fixed to the tip of 
a rotation axle of the first motor 27. 

The second driving mechanism 16 comprises a 

25 second guide rail 29, provided on the another sur- 
face 11b of the guide prop 11 in parallel with the 
axis of the pipe, for guiding the second pedestal 
15; a second rack 30 provided on the another 
surface 11b of . the guide prop 11 in parallel with 

30 the second guide rail 29; a second pinion 31 en- 
gaging, with the second rack 30; and a second 
motor 32. mounted on the second pedestal 15, for 
rotating the second pinion 31 to move the second 
pedestal 1 5 together with the thermal imaging sys- 

35 tern 4 along the second guide rail 29 in cooperation 
with the second rack 30. A second guide element 
33 engaging with the second guide rail 29 is pro- 
vided on the side of the second pedestal 15. The 
second pinion 31 engaging with the second rack 30 

40 is fixed to the tip of a rotation axle of the second 
motor 32. 

The reflecting plate driving mechanism 23 
comprises a reflecting plate supporting frame 34, 
mounted on the first pedestal 12. for return-mov- 

45 ably supporting the reflecting plate 21 along the 
direction of curvature thereof at the both ends 
thereof; a threaded rod 35, vertically and rotatably 
supported at an upper end thereof by an upper 
portion 34a of the reflecting plate supporting frame 

so 34, and at a lower end thereof by a lower portion 
34b of the reflecting plate supporting frame 34; a 
nut 36, having a connecting plate 37, screw-engag- 
ing with the threaded rod 35; at least one connect- 
ing rod 38, one end of which is connected to the 

55 connecting plate 37 of the nut 36, and the other 
end of which is connected to the back of the 
reflecting plate 21; and a third motor 39, mounted 
on the first pedestal 12, for rotating the threaded 
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1a of which is exposed, is cooled from the side of 
the inner surface 1 b thereof so that a difference in 
temperature is produced between portions of the 
outer surface 1a of the pipe 1 corresponding to 
thinner portions 8 and 8' as defective portions on 
the inner surface 1b thereof, on the one hand, and 
a portion of the outer surface 1a of the pipe 1 
corresponding to a normal portion of the inner 
surface 1b thereof, on the other hand. 

Fig. 19 is a graph illustrating changes in tem- 
perature, which is caused by cooling the pipe 1 
from the side of the inner surface 1b thereof in 
accordance with the eighth embodiment of the 
method of the present invention, at a portion of the 
outer surface 1a of the pipe 1 corresponding to a 
normal portion of the inner surface 1b thereof, and 
at a portion of the outer surface 1a of the pipe 1 
corresponding to thinner portions 8 and 8' on the 
inner surface 1b thereof. As described above, the 
thinner portions 8 and 8' on the inner surface 1b of 
the pipe 1 have a thermal capacity smaller than 
that of the normal portion of the pipe 1 . Accord- 
ingly, a temperature of the portions of the outer 
surface 1a of the pipe 1 corresponding to the 
thinner portions 8 and 8 on the inner surface 1b 
thereof decreases, by means of the above-men- 
tioned cooling, more rapidly than that of the portion 
of the outer surface 1a of the pipe 1 corresponding 
td'the normal portion of the inner surface 1b there- 
of? As a result, as shown in Fig. 19, during the 
period of time of from start to end of cooling and 
for certain period of time after the end of cooling , 
the temperature of the portion of the outer surface 
1 a corresponding to the shallower thinner portion 8 
on the inner surface 1 b, as represented by the one- 
point chain line, is lower by AT than the tempera- 
ture of the portion of the outer surface 1a cor- 
responding to the normal portion of the inner sur- 
face 1b, as represented by the solid line, and the 
temperature of the portion of the outer surface 1a 
corresponding to the deeper thinner portion 8 on 
the inner surface 1b, as represented by the two- 
point chain line, is lower by AT' than the tempera- 
ture of the portion of the outer surface 1a cor- 
responding to the normal portion of the inner sur- 
face 1b, as represented by the solid line. The 
difference in temperature AT' of the deeper thinner 
portion 8' from the normal portion is larger than the 
difference in temperature AT of the shallower thin- 
ner portion 8 from the normal portion. 

While the above-mentioned differences in tem- 
perature AT and AT still remain on the outer 
surface 1a df the pipe 1, the outer surface 1a of the 
pipe 1 is shot by means of a thermal imaging 
system 4 to obtain a thermal image of the differ- 
ences in temperature AT and AT , which has por- 
tions showing a lower temperature, corresponding 
to the thinner portions 8 and 8' on the inner surface 



1b of the pipe 1. The thus obtained thermal image 
is displayed on a monitor TV screen 5. Therefore, 
it is possible to detect the shallower thinner portion 
8 and the deeper thinner portion 8' on the inner 

5 surface 1b of the pipe 1 by means of the above- 
mentioned thermal image. More specifically, it is 
possible to detect a position, a shape and an 
approximate depth of the thinner portions 8 and 8' 
on the inner surface 1b of the pipe 1 by means of 

io the portion showing a lower temperature of the 
above-mentioned thermal image. 

Furthermore, the temperature of the portions of 
the outer surface 1a corresponding to the thinner 
portions 8 and 8 becomes higher than that of the 

75 portion of the outer surface 1a corresponding to the 
normal portion of the inner surface 1b as shown in 
Fig. 19, in the middle of the course of increase of 
the temperature of the outer surface 1a to the 
original temperature thereof after the end of cooling 

20 of the pipe 1 from the side of the inner surface 1 b 
thereof, thus producing differences in temperature 
between these portions of the outer surface 1a. 

While the above-mentioned differences in tem- 
perature still remain on the outer surface 1a of the 

25 pipe 1 , the outer surface 1a of the pipe 1 is shot by 
means of the thermal imaging system 4 to obtain a 
thermal image of the differences in temperature,, 
which has portions showing a higher temperature, 
corresponding to the thinner portions 8 and 8' ; on 

30 the inner surface 1b of the pipe 1. The thus ob-. 
tairied thermal image is displayed on the monitor 
TV screen 5. Therefore, ( it is possible to detect the 
thinner portions 8 and 8' on the inner surface, 1b,,of 
the pipe 1 by means of the above-mentioned ther- 

35 mal image. It is possible to emphatically produce 
the above-mentioned diferences in temperature AT 
and AT between the portions of the outer surface 
1a of the pipe 1 corresponding to the thinner 
portions 8 and 8 on the inner surface 1b thereof, 

40 on the one hand, and the portion of the outer 
surface 1a of the pipe 1 corresponding to the 
normal portion of the inner surface 1b thereof, on 
the other hand, by heating the pipe 1 from the side 
of the outer surface 1 a thereof prior to the cooling 

45 of the pipe 1 from the side of the inner surface 1b 
thereof in accordance with the eighth embodiment 
of the method of the present invention as de- 
scribed above. By shooting the outer surface 1a of 
the pipe 1 by means of the thermal imaging sys- 

50 tern 4 while the thus emphatically produced differ- 
ences in temperature AT and AT' still remain on 
the outer surface 1a of the pipe 1, therefore, it is 
possible to detect more accurately the thinner por- 
tions 8 and 8' on the inner surface 1b of the pipe 1 

55 in the form of a further clearer thermal image 
representing the differences in temperature AT and 
AT'. 

In the above-mentioned first to eighth embodi- 
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the pipe 1 corresponding to the normal portion of 
the inner surface 1 b thereof, on the other hand, by 
cooling the pipe 1 from the side of the outer 
surface 1a thereof prior to the heating of the pipe 1 
from the side of the inner surface 1b thereof in 
accordance with the sixth embodiment of the meth- 
od of the present invention as described above. By 
shooting the outer surface 1 a of the pipe . 1 by 
means of the thermal imaging system 4 while the 
thus emphatically produced differences in tempera- 
ture AT and AT' still remain on the outer surface 
1a of the pipe 1, therefore, it is possible to detect 
more accurately the thinner portions 8 and 8' on 
the inner surface 1b of the pipe 1 in the form of a 
further clearer thermal image representing the dif- 
ferences in temperature AT and AT. 

Fig. 16 is a schematic descriptive side view 
illustrating a seventh embodiment of the method of 
the present invention. As shown in Fig. 16. in the 
seventh embodiment of the method of the present 
invention, a pipe 1 to be tested, the outer surface 
1a of which is exposed, is cooled from the side of 
the inner surface 1 b thereof so that a difference in 
temperature is produced between a portion of the 
outer surface 1 a of the pipe 1 corresponding to an 
accumulation of foreign matters 2 as a defective 
portion onthe inner surface 1b thereof, on .the one ' 
hand, and a. portion of the outer surface 1a of trie 
pipe 1 corresponding to a normal^ portion of the 
inner surface '1b thereof, on the other hand. 

Rg. 17, (A) is. a descriptive view illustrating a 
temperature of a portion, of the outer surface : 1 a of 
the pipe 1 cbrresponding ; to a normal portion of the 
inner surface lb of the pipe 1 cooled from the side 
of the inner surface lb thereof in accordance with 
the seventh embodiment of the method of the 
present invention, and Fig. 17 (B) is a descriptive 
view illustrating a temperature of a portion of the 
outer surface 1a of the pipe 1 corresponding to an 
accumulation of foreign matters 2 on the inner 
surface 1b of the pipe 1 cooled as mentioned 
above. As described above, the accumulation of 
foreign matters 2 on the inner surface 1b of the 
pipe 1 has a thermal conductivity lower than that of 
the normal portion of the pipe 1. Accordingly, be- 
cause of the presence of the accumulation of for- 
eign matters 2 having a lower thermal conductivity, 
a temperature of the portion of the outer surface 1a 
of the pipe 1 corresponding to the accumulation of 
foreign matters 2 on the inner surface 1b thereof 
decreases, by means of the above-mentioned cool- 
ing, more slowly than that of the portion of the 
outer surface 1a of the pipe 1 corresponding to the 
normal portion of the inner surface 1 b thereof. As a 
result, as shown in Figs. 17 (A) and 17 (B), the 
temperature t A of the portion of the outer surface 
1a corresponding to the accumulation of foreign 
matters 2 on the inner surface 1b, after cooling for 



a certain period of time, is higher by AT than the 
temperature t N of the portion of the outer surface 
1 a corresponding to the normal portion of the inner 
surface 1b. 

5 While the above-mentioned difference in tem- 

perature AT still remains on the outer surface 1a of 
the pipe 1, the outer surface 1a of the pipe 1 is 
shot by means of a thermal, imaging system 4 to 
obtain a thermal image of the difference in tem- 

w perature AT, which has a portion showing a higher 
temperature, corresponding to the accumulation of 
foreign matters 2 on the inner surface lb of the 
pipe 1. The thus obtained thermal image is dis- 
played on a monitor TV screen 5. Therefore, it is 

;5 possible to detect the accumulation of foreign mat- 
ters 2 on the inner surface 1b of the pipe 1 by 
means of the above-mentioned thermal image. 
More specifically, it is possible to detect a position, 
a shape and an approximate thickness of the accu- 

20 mulation of foreign matters 2 on the inner surface 
1 b of the pipe 1 by means of the portion showing a 
higher temperature of the above-mentioned thermal 
image. 

Cooling of the pipe 1 from the side of the inner 

25 surface 1b thereof is accomplished by passing a 
low-temperature fluid 10 such as a low-tempera- 
ture liquid or gas through the pipe 1. or by insert- 
ing a cooling mechanism (not shown) into the pipe; 
: 1. When a low-temperature fluid to' flows through 

30 . the pipe 1 , the pipe 1 may be cooled by the use of 
the flowing low-temperature fluid 10'. 

• It is possible to emphatically produce the 
above-mentioned difference in temperature AT be- 
tween the portion of the outer surface 1a of the 

ss pipe 1 corresponding to the accumulation of for- 
eign matters 2 on the inner surface lb thereof, on 
the one hand, and the portion of the outer surface 
1a of the pipe 1 corresponding to the normal 
portion of the inner surface 1b thereof, on the other 

40 hand, by heating the pipe 1 from the side of the 
outer surface la thereof prior to the cooling of the 
pipe 1 from the side of the inner surface 1b thereof 
in accordance with the seventh embodiment of the 
method of the present invention as described 

45 above. By shooting the outer surface 1a of the pipe 
1 by means of the thermal imaging system 4 while 
the thus emphatically produced difference in tem- 
perature AT still remains on the outer surface la of 
the pipe 1 , therefore, it is possible to detect more 

so accurately the accumulation of foreign matters 2 on 
the inner surface 1b of the pipe 1 in the form of a 
further clearer thermal image representing the dif- 
ference in temperature AT. 

Fig. 18 is a schematic descriptive side view 

55 illustrating an eighth embodiment of the method of 
the present invention. As shown in Fig. 18, in the 
eighth embodiment of the method of the present 
invention, a pipe 1 to be tested, the outer surface 

12 
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outer surface 1a thereof prior to the heating of the 
pipe 1 from the side of the inner surface 1 b thereof 
in accordance with the fifth embodiment of the 
method of the present invention as described 
above. By shooting the outer surface 1 a of the pipe 
1 by means of the thermal imaging system 4 while 
the thus emphatically produced difference in tem- 
perature AT still remains on the outer surface 1a of 
the pipe 1, therefore, it is possible to detect more 
accurately the accumulation of foreign matters 2 on 
the inner surface 1 b of the pipe 1 in the form of a 
further clearer thermal image representing the dif- 
ference in temperature AT. 

Fig. 14 is a schematic descriptive side view 
illustrating a sixth embodiment of the method of the 
present invention. As shown in Fig. 14, in the sixth 
embodiment of the present invention, a pipe 1 to 
be tested, the outer surface 1a of which is ex- 
posed, is heated from the side of the inner surface 
1b thereof so that a difference in temperature is 
produced between portions of the outer surface 1a 
of the pipe 1 corresponding to thinner portions 8 
and 8' as defective portions on the inner surface 
1b thereof, on the one hand, and a portion of the 
outer surface 1a of the pipe 1 corresponding to a 
normal portion of the inner surface 1b thereof, on 
the other hand. 

¥ig. 1 5 is a graph illustrating changes in tem- 
perature, which are caused by heating a pipe from 
the' side of the inner surface 1b thereof in accor- 
dance with the sixth embodiment of the method of 
the present invention, at a : portion of the outer 
surface 1a of the pipe .1 corresponding to a normal 
portion of the inner surface 1b thereof, and at a 
portion of the outer surface la of the pipe 1 cor- 
responding to thinner portions 8 and 8' on the inner 
surface 1 b thereof. As described above, the thinner 
portions 8 and 8' on the inner surface 1b of the 
pipe 1 have a thermal capacity smaller than that of 
the normal portion of the pipe 1. Accordingly, a 
temperature of the portions of the outer surface 1a 
of the pipe 1 corresponding to the thinner portions 
8 and 8 on the inner surface 1 b thereof increases, 
by means of the above-mentioned heating, more 
rapidly than that of the portion of the outer surface 
1a corresponding to the normal portion of the inner 
surface 1b of the pipe 1. As a result as shown in 
Fig. 15. during the period of time of from start to 
end of heating and for a certain period of time after 
the end of heating, the temperature of the portion 
of the outer surface 1a corresponding to the shal- 
lower thinner portion 8 on the inner surface 1b, as 
represented by the one-point chain line, is higher 
by AT than the temperature of the portion of the 
outer surface 1a corresponding to the normal por- 
tion of the inner surface 1 b, as represented by the 
solid line, and the temperature of the portion of the 
outer surface 1a corresponding to the deeper thin- 



ner portion 8 on the inner surface 1b, as repre- 
sented by the two-point chain line, is higher by AT 
than the temperature of the portion of the outer 
surface 1a corresponding to the normal portion of 

s the inner surface 1b, as represented by the solid 
line. The difference in temperature AT of the 
deeper thinner portion 8' from the normal portion is 
larger than the difference in temperature AT of the 
shallower thinner portion 8 from the normal portion. 

10 While the above-mentioned differences in tem- 
perature AT and AT still remain on the outer 
surface 1a of the pipe 1 , the outer surface 1a of the 
pipe 1 is shot by means of a thermal imaging 
system 4 to obtain a thermal image of the differ- 

15 ences in temperature AT and AT , which has por- 
tions showing a higher temperature, corresponding 
to the thinner portions 8 and 8 on the inner surface 
1b of the pipe 1. The thus obtained thermal image 
is displayed on a monitor TV screen 5. Therefore, 

20 it is possible to detect the shallower thinner portion 
8 and the deeper thinner portion 8' on the inner 
surface 1b of the pipe 1 by means of the above- 
mentioned thermal image. More specifically, it is 
possible to detect a position, a shape and an 

25 approximate depth of the thinner portions 8 and 8' 
on the inner surface 1b of the pipe 1 by means of 
the portions showing a higher temperature of the 
above-mentioned thermal image. 

Furthermore, the temperature of the portions of 
. ao the outer surface 1a corresponding to the thinner 
portions 8 and 8' becomes lower than that of the 
; portion of the outer surface 1a corresponding to the 
normal portion of the inner surface 1 b as shown in 
Fig. 15, in the middle of the course of decrease of 

35 the temperature of the outer surface 1a to the 
original temperature thereof after the end of heating 
of the pipe 1 from the side of the inner surface 1b 
thereof, thus producing differences in temperature 
between these portions of the outer surface 1 a. 

40 While the above-mentioned differences in tem- 
perature still remain on the outer surface 1 a of the 
pipe 1 , the outer surface 1 a of the pipe 1 is shot by 
means of the thermal imaging system 4 to obtain a 
thermal image of the differences in temperature, 

45 which has portions showing a lower temperature, 
corresponding to the thinner portions 8 and 8' on 
the inner surface 1b of the pipe 1. The thus ob- 
tained thermal image is displayed on the monitor 
TV screen 5. Therefore, it is possible to detect the 

so thinner portions 8 and 8' on the inner surface 1 b of 
the pipe 1 by means of the above-mentioned ther- 
mal image. 

It is possible to emphatically produce the 
above-mentioned differences in temperature AT 
55 and AT between the portions of the outer surface 
1 a of the pipe corresponding to the thinner portions 
8 and 8' on the inner surface 1b thereof, on the 
one hand, and the portion of the outer surface 1 a of 
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perature still remain on the outer surface 1a of the 
pipe 1. the outer surface 1a of the pipe 1 is shot by 
means of the thermal imaging system 4 to obtain a 
thermal image of the differences in temperature, 
which has portions showing a higher temperature, 
corresponding to the thinner portions 8 and 8' on 
the inner surface 1b of the pipe 1. The thus ob- 
tained thermal image is displayed on the monitor 
TV screen 5. Therefore.^ it is possible to detect the 
thinner portions 8 and 8' on the inner surface 1 b of 
the pipe 1 by means of the above-mentioned ther- 
mal image. 

It is possible to emphatically produce the 
above-mentioned differences in temperature AT 
and AT between the portions of the outer surface 
1a of the pipe 1 corresponding to the thinner 
portions 8 and 8' on the inner surface 1b thereof, 
on the one hand, and the portion of the outer 
surface 1a of the pipe 1 corresponding to the 
normal portion of the inner surface lb thereof, on 
the other hand, by heating the pipe 1 from the side 
of the inner surface 1b thereof prior to the cooling 
of the pipe 1 from the side of the outer surface 1a 
thereof in accordance with the fourth embodiment 
of the method of the present invention as de- 
scribed above. By shooting the outer surface 1a of 
the pipe 1 by means of the thermal imaging sys- 
tem 4 while the thus emphatically produced differ- 
ences in temperature AT and AT still remain on 
the outer surface 1a of the pipe 1 , therefore, it is 
possible to detect more accurately the thinner por- 
tions 8 and 8 on the inner surface 1 b of the pipe 1 
in the form of a further clearer thermal image 
representing the differences in temperature AT and 
AT. 

Fig. 12 is a schematic descriptive side view 
illustrating a fifth embodiment of the method of the 
present invention. As shown in Fig. 12. in the fifth 
embodiment of the present invention, a pipe 1 to 
be tested, the outer surface la of which is ex- 
posed, is heated from the side of the inner surface 
1b thereof so that a difference in temperature is 
produced between a portion of the outer surface 1a 
of the pipe 1 corresponding to an accumulation of 
foreign matters 2 as a defective portion on the 
inner surface 1b thereof, on the one hand, and a 
portion of the outer surface 1a of the pipe 1 cor- 
responding to a normal portion of the inner surface 
1 b thereof, on the other hand. 

Fig. 13 (A) is a descriptive view illustrating a 
temperature of a portion of the outer surface 1a of 
the pipe 1 corresponding to a normal portion of the 
inner surface 1 b of the pipe 1 heated from the side 
of the inner surface 1b thereof in accordance with 
the fifth embodiment of the method of the present 
invention; and Fig. 13 (B) is a descriptive view 
illustrating a temperature of a portion of the outer 
surface 1a of the pipe 1 corresponding to an accu- 



mulation of foreign matters 2 on the inner surface 
1b of the pipe 1 heated as mentioned above. As 
described above, the accumulation of foreign mat- 
ters 2 on the inner surface lb of the pipe 1 has a 

s thermal conductivity lower than that of the normal 
portion of the pipe 1. Accordingly, because of the 
presence of the accumulation of foreign matters 2 
having a lower thermal conductivity, a temperature 
of the portion of the outer surface 1a of the pipe 1 

io corresponding to the accumulation of foreign mat- 
ters 2 on the inner surface 1b thereof increases, by 
means of the above-mentioned heating, more slow- 
ly than that of the portion of the outer surface la of 
the pipe 1 corresponding to the normal portion of 

15 the inner surface 1 b thereof. As a result, as shown 
in Rgs. 13 (A) and 13 (B), the temperature t A of the 
portion of the outer surface 1a corresponding to the 
accumulation of foreign matters 2 after heating for 
a certain period of time, is lower by AT than the 

20 temperature t N of the portion of the outer surface 
1a corresponding to the normal portion of the inner 
surface 1b. 

While the above-mentioned difference in tem- 
perature AT still remains on the outer surface 1a of 

25 the pipe 1, the outer surface la of the pipe 1 is 
shot by means of a thermal imaging system 4 to 
obtain a thermal image of the difference in tem- 
perature AT. which has a portion showing a lower 
temperature, corresponding to the accumulation of 

30 -foreign, matters 2 on. the inner surface 1b of the 
ipipe 1 . The thus obtained thermal image is dis- 
played on a monitor TV screen 5. Therefore, it is 
possible to detect the accumulation of foreign mat- 
ters 2 on the inner surface 1b of the pipe 1 by 

35 means of the above-mentioned thermal image. 
More specifically, it is possible to detect a position, 
a shape and an approximate thickness of the accu- 
mulation of foreign matters 2 on the inner surface 
1 b of the pipe 1 by means of the portion showing a 

-to lower temperature of the above-mentioned thermal 
image. 

Heating of the pipe 1 from the side of the inner 
surface 1b thereof is accomplished by passing a 
high-temperature fluid 10 such as a high-tempera- 

45 ture liquid or gas through the pipe 1 or by inserting 
a heating mechanism (not shown) into the pipe 1. 
When a high-temperature fluid 10 flows through the 
pipe 1 , the pipe 1 may be heated by the use of the 
flowing high-temperature fluid 10. 

so It is possible to emphatically produce the 
above-mentioned difference in temperature AT be- 
tween the portion of the outer surface la of the 
pipe 1 corresponding to the accumulation of for- 
eign matters 2 on the inner surface 1 b thereof, on 

55 the one hand, and the portion of the outer surface 
1a of the pipe 1 corresponding to the normal 
portion of the inner surface lb thereof, on the other 
hand, by cooling the pipe 1 from the side of the 
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face 1a of the pipe 1 is therefore rapidly cooled, 
thus permitting rapid detection of the accumulation 
of foreign matters 2 on the inner surface 1 a of the 
pipe 1 by means of the thermal imaging system 4. 

It is possible to emphatically produce the 
above-mentioned difference in temperature AT be- 
tween the portion of the outer surface 1a of the 
pipe 1 corresponding to the accumulation of for- 
eign matters 2 on the inner surface 1b thereof, on 
the one hand, and the portion of the outer surface 
1a of the pipe 1 corresponding to the normal 
portion of the inner surface 1b thereof, on the other 
hand, by heating the pipe 1 from the side of the 
inner surface 1b thereof prior to the cooling of the 
pipe 1 from the side of the outer surface 1a thereof 
in accordance with the third embodiment of the 
method of the present invention as described 
above. By shooting the outer surface 1 a of the pipe 
1 by means of the thermal imaging system 4 while 
the thus emphatically produced difference in tem- 
perature AT still remains on the outer surface 1a of 
the pipe 1, therefore, it is possible to detect more 
accurately the accumulation of foreign matters 2 on 
the inner surface 1b of the pipe 1 in the form of a 
further clearer thermal image representing the dif- 
ference in temperature AT. 

Fig. 10 is a schematic descriptive side view 
illustrating a< fourth embodiment of the method of 
the present, invention. As shown in Fig. 10, in the 
fourth embodiment pf the . method of the present 
invention, a pipe 1 to be tested, the outer surface 
1a of which is exposed, is cooled from the side of 
the outer surface 1a thereof by means of a cooling 
mechanism 9 so that a difference in temperature is 
produced between portions of the outer surface 1a 
of the pipe 1 corresponding to thinner portions 8 
and 8' as defective portions on the inner surface 
1b thereof, on the one hand, and a portion of the 
outer surface 1a of the pipe 1 corresponding to a 
normal portion of the inner surface 1b thereof, on 
the other hand. 

Fig. 11 is a graph illustrating changes in tem- 
perature, which are cuased by cooling a pipe 1 
from the side of the outer surface 1a thereof in 
accordance with the fourth embodiment of the 
method of the present invention, at a portion of the 
outer surface 1a of the pipe 1 corresponding to a 
normal portion of the inner surface 1b thereof, and 
at portions of the outer surface 1a of the pipe 1 
corresponding to thinner portions 8 and 8' on the 
inner surface 1b thereof. As described above, the 
thinner portions 8 and 8' on the inner surface 1b of 
the pipe 1 have a thermal capacity smaller than 
that of the normal portion of the pipe 1. Accord- 
ingly, a temperature of the portions of the outer 
surface 1a of the pipe_ 1 corresponding to the 
thinner portions 8 and 8' on the inner surface 1b 
thereof decreases, by means of the above-men- 



tioned cooling, more rapidly than that of the portion 
of the outer surface 1a corresponding to the normal 
portion of the inner surface 1b of the pipe 1. As a 
result, as shown in Fig. 11, during the period of 

s time from start to end of cooling and for a certain 
period of time after the end of cooling, the tem- 
perature of the portion of the outer surface 1a 
corresponding to a shallower thinner portion 8 on 
the inner surface 1b, as represented by the one- 

10 point chain line, is lower by AT than the tempera- 
ture of the portion of the outer surface 1a cor- 
responding to the normal portion of the inner sur- 
face 1b, as represented by the solid line, and the 
temperature of the portion of the outer surface 1a 

15 corresponding to a deeper thinner portion 8 on the 
inner surface 1b, as represented by the two-point 
chain line, is lower by AT than the temperature of 
the portion of the outer surface 1 a corresponding to 
the normal portion of the inner surface 1b, as 

20 represented by the solid line. The difference in 
temperature AT of the deeper thinner portion 8' 
from the normal portion is larger than the dif- 
ference in temperature AT of the shallower thinner 
portion 8 from the normal portion. 

25 While the above-mentioned differences in tem- 
perature AT and AT still remain on the outer 
surface 1a of the pipe 1 , the outer surface 1a of the 
pipe 1 is shot by means of a thermal imaging 
system 4 to obtain a thermal image of the differ-- 

30 ences in temperature AT and AT, which has por- 
tions showing a lower temperature, corresponding 
to the thinner portions 8 and 8.' on the inner surface 
lb of the pipe 1. The thus obtained thermal image 
is displayed on a monitor TV screen 5. Therefore, 

35 it is possible to detect the shallower thinner portion 
8 and the deeper thinner portion 8' on the inner 
surface 1b of the pipe 1 by means of the above- 
mentioned thermal image. More specifically, it is 
possible to detect a position, a shape and an 

40 approximate depth of the thinner portions 8 and 8' 
on the inner surface 1b of the pipe 1 by means of 
the portion showing a lower temperature of the 
above mentioned thermal image. 

Furthermore, when hot water is passed through 

45 the pipe 1 , for example, to heat the pipe 1 from the 
side of the inner surface 1b thereof, after the end 
of cooling of the pipe 1 from the side of the outer 
surface 1a thereof, the temperature of the portions 
of the outer surface 1a corresponding to the thinner 

so portions 8 and 8' becomes higher than that of the 
portion of the outer surface 1a corresponding to the 
normal portion of the inner surface 1 b in the middle 
of the course of increase of the temperature of the 
outer surface 1 b to the original temperature thereof, 

55 as shown in Fig. 11, thus producing differences in 
temperature between these portions of the outer 
surface la. 

While the above-mentioned differences in tem- 
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the absence of heat transfer in the longitudinal 
direction of the steel sheets. 

As is clear from Figs. 7 (A), 7 (B) and 7 (C). 
apart from some minor differences in extent de- 
pending on the magnitude of heat transfer rate a . 
a thinner steel sheet shows a higher rate of tem- 
perature increase during heating and a higher rate 
of temperature decrease during cooling. This sug- 
gests that there is produced a change in the tem- 
perature of the portion of the outer surface of the 
pipe corresponding to the thinner portion on the 
inner surface thereof according to the presence of 
the thinner portion on the inner surface of the pipe 
and the depth of the thinner portion. 

It is possible to emphatically produce the 
above-mentioned differences in temperature AT 
and AT' between the portions of the outer surface 
1a of the pipe 1 corresponding to the thinner 
portions 8 and 8 on the inner surface 1b thereof, 
on the one hand, and the portion of the outer 
surface 1a of the pipe 1 corresponding to the 
normal portion of the inner surface 1b thereof, on 
th8 other hand, by cooling the pipe 1 from the side 
of the inner surface 1b thereof prior to the heating 
of the pipe 1 from the side of the outer surface la 
thereof in accordance with the second embodiment 
of; the method of the present invention, as de- 
scribed above. By shooting the outer . surface 1a of 
the pipe 1: by means of the thermal, imaging sys--. 
tem 4 while :the thus emphatically produced differ-., 
ences in temperature AT and AT, still remain on 
the outer surface 1a of the pipe 1, : therefore, .it is 
possible to detect more accurately the thinner por- 
tions 8 and 8' on the inner surface 1 b of the pipe 1 
in the form of a further clearer thermal image 
representing the differences in temperature AT and 
AT'. 

Fig. 8 is a schematic descriptive side view 
illustrating a third embodiment of the method of the 
present invention. As shown in Fig. 8, in the third 
embodiment of the method of the present inven- 
tion, a pipe 1 to be tested, the outer surface 1a of 
which is exposed, is cooled from the side of the 
outer surface 1a thereof by means of a cooling 
mechanism 9 so that a difference in temperature is 
produced between a portion of the outer surface 1a 
of the pipe 1 corresponding to an accumulation of 
foreign matters 2 as a defective portion on the 
inner surface 1b thereof, on the one hand, and a 
portion of the outer surface 1a of the pipe 1 cor- 
responding to a normal portion of the inner surface 
1b thereof, on the other hand. 

Fig. 9 (A) is a descriptive view illustrating a 
temperature of a portion of the outer surface 1a of 
the pipe 1 corresponding to a normal portion of the 
inner surface 1b of the pipe 1 cooled from the side 
of the outer surface 1a thereof in accordance with 
the third embodiment of the method of the present 



invention; and Fig. 9 (B) is a descriptive view 
illustrating a temperature of a portion of the outer 
surface 1a of the pipe 1 corresponding to an accu- 
mulation of foreign matters 2 on the inner surface 

5 1b of the pipe cooled as mentioned above. As 
described above, the accumulation of foreign mat- 
ters 2 on the inner surface 1b of the pipe 1 has a 
.thermal conductivity lower than that of the normal 
portion of the pipe 1. Accordingly, because of the 

io presence of the accumulation of foreign matters 2 
having a lower thermal conductivity, a temperature 
of the portion of the outer surface 1a of the pipe 
corresponding to the accumulation of foreign mat- 
ters 2 on the inner surface 1b thereof decreases, 

is by means of the above-mentioned cooling, more 
rapidly than that of the portion of the outer surface 
1a of the pipe 1 corresponding to the normal 
portion of the inner surface 1 b thereof. As a result, 
as shown in Rgs. 9 (A) and 9 (B), the temperature 

20 t A of the portion of the outer surface 1a corre- 
sponding to the accumulation of foreign matters 2 
on the inner surface 1 b, after cooling for a certain 
period of time, is lower by AT than the temperature 
t N of the portion of the outer surface 1a corre- 

25 sponding to the normal portion of the inner surface 
1b. : 

While the above-mentioned difference . in tem- 
perature AT still remains on the outer surface 1a of 
the pipe 1, the outer surface 1a of the pipe 1 is 

30 shot by means of a thermal imaging system 4 to 
. obtain a thermal image of the difference in tem- 
" '. perature AT, which has a portion showing a lower 
temperature, corresponding to the accumulation of 
foreign matters 2 on the inner surface 1b of the 

35 pipe 1. The thus obtained thermal image is dis- 
played on a monitor TV screen 5. Therefore, it is 
possible to detect the accumulation of foreign mat- 
ters 2 on the inner surface lb of the pipe 1 by 
means of the above-mentioned thermal image. 

40 More specifically, it is possible to detect a position, 
a shape and an approximate thickness of the accu- 
mulation of foreign matters 2 on the inner surface 
1 b of the pipe 1 by means of the portion showing a 
lower temperature of the above-mentioned thermal 

45 image. 

Cooling of the pipe 1 from the side of the outer 
surface la thereof is accomplished by spraying a 
cooling medium onto the outer surface la of the 
pipe 1 by means of a cooling mechanism 9. An 

so applicable cooling medium includes, in addition to 
water and air, a freon-based liquefied gas such as 
trifluorotrichlorethane and a low-boiling-point liquid 
such as acetone, ether or alcohol. When a liquefied 
gas or a low-boiling-point liquid as the cooling 

55 medium as described above is sprayed onto the 
outer surface 1a of the pipe 1, the sprayed lique- 
fied gas or low-boiling-point liquid rapidly evap- 
orates and takes evaporation heat. The outer sur- 
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the inner surface 1b of the pipe 1 have a thermal 
capacity smaller than that of the normal portion of 
the pipe 1. Accordingly, a temperature of the por- 
tions of the outer surface 1a of the pipe 1 cor- 
responding to the thinner portions 8 and 8' on the 
inner surface 1 b thereof increases, by means of the 
above-mentioned heating, more rapidly than that of 
the portion of the outer surface 1a of the pipe 1 
corresponding to the normal portion of the inner 
surface 1b thereof. As a result, as shown in Fig. 6, 
during the period of time of from start to end of 
heating and for a certain period of time after the 
end of heating, the temperature of the portion of 
the outer surface 1a corresponding to the shallower 
thinner portion 8 on the Inner surface 1 b, as repre- 
sented by the one-point chain line, is higher by AT 
than the temperature of the portion of the outer 
surface 1a corresponding to the normal portion of 
the inner surface 1b, as represented by the solid 
line, and the temperature of the portion of the outer 
surface 1a corresponding to the deeper thinner 
portion 8 on the inner surface 1b, as represented 
by the two-point chain line, is higher by AT' than 
the temperature of the portion of the outer surface 
1a corresponding to the normal portion of the inner 
surface 1b, as represented by the solid line. The 
difference in temperature AT' of the deeper thinner 
iportion 8 from the normal portion is larger than the 
^difference in temperature AT of the shallower thin- 
ner portion 8 from the normal portion. , 

While the above-mentioned differences in tem- 
perature AT and AT still remain on the outer 
surface 1a of the pipe 1< the outer surface 1a of the 
pipe 1 is shot by means of a thermal imaging 
system 4 to obtain a thermal image of the differ- 
ences in temperature AT and AT, which has por- 
tions showing a higher temperature, corresponding 
to the thinner portions 8 and 8' on the inner surface 
1b of the pipe 1. The thus obtained thermal image 
is displayed on a monitor TV screen 5. Therefore, 
it is possible to detect the shallower thinner portion 
8 and the deeper thinner portion 8 on the inner 
surface 1b of the pipe 1 by means of the above- 
mentioned thermal image. More specifically, it is 
possible to detect a position, a shape and an 
approximate depth of the thinner portions 8 and 8 # 
on the inner surface 1b of the pipe 1 by means of 
the portion showing a higher temperature of the 
above mentioned thermal image. 

When heating the pipe 1 from the side of the 
outer surface 1a thereof by means of the heating 
mechanism 3 and shooting the outer surface 1a of 
the pipe 1 by means of the thermal imaging sys- 
tem 4, it is necessary to heat the pipe 1 from the 
side of the outer surface 1a thereof for such a 
period of time as to produce the above-mentioned 
differences in temperature AT and at' between 
the portions of the outer surface 1a of the pipe 1 
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corresponding to the thinner portions 8 and 8 on 
the inner surface lb thereof, on the one hand, and 
the portion of the outer surface 1a of the pipe 1 
corresponding to the normal portion of the inner 

s surface 1b thereof, on the other hand, and to shoot 
the outer surface 1 a of the pipe 1 by means of the 
thermal imaging system 4 while the above-men- 
tioned differences in temperature AT and AT still 
remain on the outer surface 1 a of the pipe 1 . 

?o Furthermore, when cold water is passed 
through the pipe 1, for example, to cool the pipe 1 
from the side of the inner surface 1b thereof, after 
the end of heating of the pipe 1 from the side of 
the outer surface 1a thereof, the temperature of the 

is portions of the outer surface 1a corresponding to 
the thinner portions 8 and 8' becomes lower than 
that of the portion of the outer surface 1a cor- 
responding to the normal portion of the inner sur- 
face 1 b in the middle of the course of decrease of 

20 the temperature of the outer surface 1a to the 
original temperature thereof, as shown in Fig. 6, 
thus producing differences in temperature between 
these portions of the outer surface 1a. 

While the above-mentioned differences In tem- 

25 perature still remain on the outer surface 1a of the 
pipe 1, the outer surface 1a of the pipe 1 is shot by 
means of the thermal imaging system 4 to obtain a 
thermal image of the differences in temperature, 
which has portions showing a lower temperature, 

30 corresponding to the thinner portions 8 and 8' on 
the inner surface 1b of the pipe 1. The thus ob- 
tained thermal image is displayed on the monitor 
TV screen 5. Therefore, it is possible to detect the 
thinner portions 8 and 8 on the inner surface 1 b of 

35 the pipe 1 by means of the above-mentioned ther- 
mal image. 

Fig. 7 (A) is a graph illustrating the result of 
determination by simulation of changes in the sur- 
face temperature of steel sheets having a heat 

40 transfer rate a of 1 00 and having thicknesses of 1 
mm, 3 mm and 7 mm, respectively, after heating of 
the steel sheets for 30 seconds and then leaving to 
cool same for 30 seconds; Fig. 7 (B) is a graph 
illustrating the result of determination by simulation 

45 of changes in the surface temperature of steel 
sheets under the same conditions as above except 
for a heat transfer rate a of 300, after heating of the 
steel sheets and then leaving to cool same; and 
Fig. 7 (C) is a graph illustrating the result of deter- 

50 mination by simulation of changes in the surface 
temperature of steel sheets under the same con- 
ditions as above except for a heat transfer rate a of 
1,000, after heating of the steel sheets and then 
leaving to cool same. The simulation was per- 

55 formed on the assumption of the absence of heat 
radiation from the surfaces of the steel sheets 
during heating, a uniform temperature distribution 
in the thickness direction of the steel sheets, and 
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temperature, corresponding to the accumulation of 
foreign matters 2 on the inner surface 1b of the 
pipe 1. The thus obtained thermal image is dis- 
played on a monitor TV screen 5. Therefore, it is 
possible to detect the accumulation of foreign mat- 
ters 2 on the inner surface 1b of the pipe 1 by 
means of the above-mentioned thermal image. Fig. 
4 is a descriptive view illustrating a typical thermal 
image shot in the manner as described above. As 
shown in Fig. 4, a thermal image 6 of the outer 
surface 1a of the pipe 1 has a portion 7 showing a 
higher temperature, which corresponds to the accu- 
mulation of foreign matters 2 on the inner surface 
1b of the pipe 1, and which is indicated by colors 
predetermined for the respective ranges of tem- 
perature. More specifically, the inner portion in- 
dicating a relatively higher temperature of the 
above-mentioned portion 7 is different in color from 
the outer portion indicating a relatively lower tem- 
perature of the above-mentioned portion 7. It is 
therefore possible to detect a position, a shape and 
an approximate thickness of the accumulation of 
foreign matters 2 on the inner surface 1b of the 
pipe 1 by means of the portion 7 showing a higher 
temperature of the thermal image 6 as shown in 
Fig. 4. . 

. .. The cheating mechanism .3 capable of rapidly 
heating the pipe 1 within a short period of time, 
such as an infrared heater, should preferably be 
employed,; When heating the pipe 1 from tfie side 
of the outer surface 1a thereof by means of the 
heating mechanism 3 and shooting the outer sur- 
face la of the pipe 1 by means of the thermal 
imaging system 4, it is necessary to heat the pipe 
1 from the side of the outer surface 1a thereof for 
such a period of time as to produce the above- 
mentioned difference in temperature AT between 
the portion of the outer surface 1a of the pipe 1 
corresponding to the accumulation of foreign mat- 
ters 2 on the inner surface 1b thereof, on the one 
hand, and the portion of the outer surface 1a of the 
pipe 1 corresponding to the normal portion of the 
inner surface 1 b thereof, on the other hand, and to 
shoot the outer surface 1a of the pipe 1 by means 
of the thermal imaging system 4 while the above- 
mentioned difference in temperature AT still re- 
mains on the outer surface la of the pipe 1. The 
difference in temperature AT becomes almost null 
if the period of time for heating and for shooting 
after the end of heating exceeds a certain duration, 
thus making it impossible to detect the accumula- 
tion of foreign matters 2 on the inner surface 1b of 
the pipe 1. The above-mentioned heating time 
should therefore be appropriately set with refer- 
ence to the thickness of the pipe 1, the range of 
heating of the outer surface 1a of the pipe 1. the 
state of occurrence of the accumulation of foreign 
matters 2 and the performance of the thermal im- 



aging system 4. 

It is possible to emphatically produce the ab- 
ovementioned difference in temperature AT be- 
tween the portion of the outer surface 1a of the 

s pipe 1 corresponding to the accumulation of for- 
eign matters 2 on the inner surface 1b thereof, on 
the one hand, and the portion of the outer surface 
la' of the pipe 1 • corresponding to the normal 
portion of the inner surface 1b thereof, on the other 

jo hand, by cooling the pipe 1 from the side of the 
inner surface 1b thereof prior to the heating of the 
pipe 1 from the side of the outer surface 1a thereof 
in accordance with the first embodiment of the 
method of the present invention as described 

is above. By shooting the outer surface 1a of the pipe 
1 by means of the thermal imaging system 4 while 
the thus emphatically produced difference in tem- 
perature AT still remains on the outer surface 1a of 
the pipe 1 , therefore, it is possible to detect more 

20 accurately the accumulation of foreign matters 2 on 
the inner surface 1 b of the pipe 1 in the form of a 
further clearer thermal image representing the dif- 
ference in temperature AT. 

Fig. 5 is a schematic descriptive side view 

25 illustrating a second embodiment of the method of 
the present invention. As shown in Fig. 5, in- the 
second embodiment of the method of the present 
invention, a pipe 1 to be tested, the outer, surface 
i of which is exposed, is heated from the side of the 

30 : outer surface" 1a thereof by means of a heating 
mechanism 3 so that a difference in temperature is , 
''; produced between portions of the outer surface la. 
of the pipe 1 corresponding to thinner portions 8 
and 8' as defective portions on the inner surface 

35 1b thereof, on the one hand, and a portion of the 
outer surface 1a of the pipe 1 corresponding to a 
normal portion of the inner surface 1 b thereof, on 
the other hand. 

Rg. 6 is a graph illustrating changes in tem- 

40 perature, which are caused by heating a pipe 1 
from the side of the outer surface 1a thereof in 
accordance with the second embodiment of the 
method of the present invention, at a portion of the 
outer surface 1a of the pipe 1 corresponding to a 

45 normal portion of the inner surface 1 b thereof, and 
at portions of the outer surface 1a of the pipe 1 
corresponding to thinner portions 8 and 8 on the 
inner surface 1b thereof. In Fig. 6. the solid line 
represents changes in temperature at a portion of 

so the outer surface 1a corresponding to a normal 
portion of the inner surface 1 b; the one-point chain 
line represents changes in temperature at a portion 
of the outer surface 1a corresponding to a shal- 
lower thinner portion 8 on the inner surface 1 b; and 

55 the two-point chain line represents changes in tem- 
perature at a portion of the outer surface 1a cor- 
responding to a deeper thinner portion 8' on the 
inner surface 1b. The thinner portions 8 and 8 on 
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Fig. 22 is a schematic plan view illustrating 
the embodiment of the apparatus of the present 
invention as shown in Fig. 21; 

Fig. 23 is a schematic rear view illustrating 
the embodiment of the apparatus of the present 
invention as shown in Fig. 21; 

Fig. 24 is an enlarged side view illustrating 
the embodiment of the apparatus of the present 
invention as shown in Fig. 21; 

Fig. 25 is an enlarged rear view illustrating 
the embodiment of the apparatus of the present 
invention as shown in Rg. 21 ; and 

Fig. 26 is a descriptive view illustrating a 
thermal image obtained in an example of the meth- 
od of the present invention. 



DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS 

From the above-mentioned point of view, ex- 
tensive studies were carried out to develop a meth- 
od and an apparatus which permit certain, easy 
and efficient detection of an accumulation of for- 
eign matters or a thinner portion as a defective 
portion existing on the inner surface of a pipe, the 
outer surface of which is exposed, at a position 
apart from the pipe in a non-contact manner with- 
out the need for a special qualification. As a result, 
the following finding was obtained: r 

For example, a pipe to be tested is heated or 
cooied for a certain period of time from the side of 
the outer surface thereof or the inner surface there-, 
of. If there is an accumulation of foreign matters as 
a defective portion on the inner surface of the pipe, 
this accumulation of foreign matters has a lower 
thermal conductivity than that of a normal portion 
of the pipe. If there is a thinner portion as a 
defective portion on the inner surface of the pipe, 
on the other hand, this thinner portion has a small- 
er thermal capacity than that of a normal portion of 
the pipe. A difference in temperature is therefore 
produced between a portion of the outer surface of 
the pipe corresponding to the defective portion on 
the inner surface thereof, on the one hand, and a 
portion of the outer surface of the pipe correspond- 
ing to the normal portion of the inner surface of the 
pipe, on the other hand. By shooting the outer 
surface of the pipe while this difference in tempera- 
ture still remains on the outer surface of the pipe 
by means of a thermal imaging system to obtain a 
thermal image of the above-mentioned difference 
in temperature, it is possible to detect the defective 
portion on the inner surface of the pipe by means 
of the thus obtained thermal image. 

The present invention was developed on the 
basis of the aforementioned finding. Now, the 
method and the apparatus for detecting a defective 



portion on the inner surface of a pipe of the 
present invention are described with reference to 
drawings. 

Fig. 1 is a schematic descriptive side view 
5 illustrating a first embodiment of the method of the 
present invention, and Fig. 2 is a schematic de- 
scriptive plan view illustrating the first embodiment 
of the method of the present invention as shown in 
Fig. 1. As shown in Figs. 1 and 2, in the first 

10 embodiment of the present invention, a pipe 1 to 
be tested, the outer surface 1a of which is ex- 
posed, is heated from the side of the outer surface 
1 a thereof by means Of a heating mechanism 3 so 
that a difference in temperature is produced be- 

;5 tween a portion of the outer surface 1a of the pipe 
1 corresponding to an accumulation of foreign mat- 
ters 2 such as rust and scale as a defective portion 
on the inner surface 1b thereof, on the one hand, 
and a portion of the outer surface 1 a of the pipe 1 

20 corresponding to a normal portion of the inner 
surface 1b thereof, on the other hand. 

Fig. 3 (A) is a descriptive view illustrating a 
temperature of a portion of the outer surface 1a of 
the pipe 1 corresponding to a normal portion of the 

25 inner surface 1b of the pipe 1 heated from the side 
of the outer surface 1a thereof in accordance with 
the first embodiment of the method of the present : 
invention; and Rg. 3 (B) is a descriptive view 
illustrating a temperature of a portion of the outer 

30 surface 1a of the pipe 1 corresponding to an accu-. 
mulation of foreign matters 2 on the inner surface 
1b of the pipe 1 heated as mentioned above. The 
accumulation of foreign matters 2 on the inner 
surface 1b of the pipe 1 has a thermal conductivity 

35 lower than that of the normal portion of the pipe 1 . 
Accordingly, because of the presence of the accu- 
mulation of foreign matters 2 having a lower ther- 
mal conductivity, a temperature of the portion of 
the outer surface 1a of the pipe 1 corresponding to 

40 the accumulation of foreign matters 2 on the inner 
surface 1b thereof increases, by means of the 
above-mentioned heating, more rapidly than that of 
the portion of the outer surface 1a of the pipe 1 
corresponding to the normal portion of the inner 

45 surface 1 b thereof. As a result, as shown in Rgs. 3 
(A) and 3 (B), the temperature t A of the portion of 
the outer surface 1a corresponding to the accu- 
mulation of foreign matters 2 on the inner surface 
1b after heating for a certain period of time, is 

so higher by AT than the temperature tm of the portion 
of the outer surface 1a corresponding to the normal 
portion of the inner surface 1 b. 

While the above-mentioned difference in tem- 
perature AT still remains on the outer surface 1a of 

55 the pipe 1, the outer surface 1a of the pipe 1 is 
shot by means of a thermal imaging system 4 to 
obtain a. thermal image of the difference in tem- 
perature AT, which has a portion showing a higher 
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Fig. 7 (A) is a graph illustrating the result of 
determination by simulation of changes in the sur- 
face temperature of steel sheets having a heat 
transfer rate a of 100 and having different thicknes- 
ses, after heating of the steel sheets for a certain 
period of time; 

Fig. 7 (B) is a graph illustrating the result of 
determination by simulation of changes in the sur- 
face temperature of steel sheets having a heat 
transfer rate a of 300 and having different thicknes- 
ses,, after heating of the steel sheets for a certain 
period of time; 

Fig. 7 (C) is a graph illustrating the result of 
determination by simulation of changes in the sur- 
face temperature of steel sheets having a heat 
transfer rate o of 1.000 and having different thic- 
knesses, after heating of the steel sheets for a 
certain period of time; 

Fig. 8 is a schematic descriptive side view 
illustrating a third embodiment of the method of the 
present invention; 

Fig. 9 (A) is a descriptive view illustrating a 
temperature of a portion of the outer surface of a 
pipe corresponding to a normal portion of the inner 
surface of the pipe cooled from the side of the 
outer surface thereof in accordance with the third 
embodiment of the method of the present invention 
as shown in Fig. 8; 

Fig. 9 (B) is. a descriptive view illustrating a 
temperature of a portion of the outer surface of a 
pipe corresponding to an accumulation of foreign 
matters on the inner surface of the pipe cooled 
from the side of the outer surface thereof in accor- 
dance with the third embodiment of the method of 
the present invention as shown in Fig. 8; 

Fig. 10 is a schematic descriptive side view 
illustrating a fourth embodiment of the method of 
the present invention: 

Fig. 11 is a graph illustrating changes in 
temperature, which are cuased by cooling a pipe 
from the side of the outer surface thereof in accor- 
dance with the fourth embodiment of the method of 
the present invention as shown in Fig. 10, at a 
portion of the outer surface of the pipe correspond- 
ing to a normal portion of the inner surface thereof, 
and at a portion of the outer surface of the pipe 
corresponding to a thinner portion on the inner 
surface thereof; 

Fig. 12 is a schematic descriptive side view 
illustrating a fifth embodiment of the method of the 
present invention; 

Fig. 13 (A) is a descriptive view illustrating a 
temperature of a portion of the outer surface of a 
pipe corresponding to a normal portion of the inner 
surface of the pipe heated from the side of the 
inner surface thereof in accordance with the fifth 
embodiment of the method of the present invention 
as shown in Fig. 12; 



Fig. 13 (B) is a descriptive view illustrating a 
temperature of a portion of the outer surface of a 
pipe corresponding to an accumulation of foreign 
matters on the inner surface of the pipe heated 

5 from the side of the inner surface thereof in accor- 
dance with the fifth embodiment of the method of 
the present invention as shown in Fig. 12; 

Fig. 14 is a schematic descriptive side view 
illustrating a sixth embodiment of the method of the 

w present invention; 

Fig. 15 is a graph illustrating changes in 
temperature, which are caused by heating a pipe 
from the side of the inner surface thereof in accor- 
dance with the sixth embodiment of the method of 

75 the present invention as shown in Fig. 14, at a 
portion of the outer surface of the pipe correspond- 
ing to a normal portion of the inner surface thereof, 
and at a portion of the outer surface of the pipe 
corresponding to a thinner portion on the inner 

20 surface thereof; 

Fig. 16 is a schematic descriptive side view 
illustrating a seventh embodiment of the method of 
the present invention; 

Fig. 17 (A) is a descriptive view illustrating a 

25 temperature of a portion of the outer surface of a 
pipe corresponding to a normal portion of the inner 
surface of the pipe cooled from the side of the 
inner surface thereof in accordance with the sev- 
enth embodiment of the method of the present 

30 invention as shown in Fig. 16; 

Fig. 17 (B) is a descriptive view illustrating a 
temperature of a portion of the outer surface of a 
pipe corresponding to an accumulation of foreign 
matters on the inner surface of the pipe cooled 

35 from the side of the inner surface thereof in accor- 
dance with the seventh embodiment of the method 
of the present invention shown in Fig. 16; 

Fig. 18 is a schematic descriptive side view 
illustrating an eighth embodiment of the method of 

40 the present invention; 

Fig. 19 is a graph illustrating changes in 
temperature, which are caused by cooling a pipe 
from the side of the inner surface thereof in accor- 
dance with the eighth embodiment of the method 

45 of the present invention as shown in Rg. 18, at a 
portion of the outer surface of the pipe correspond- 
ing to a normal portion of the inner surface thereof, 
and at a portion of the outer surface of the pipe 
corresponding to a thinner portion on the inner 

so surface thereof; 

Rg. 20 is a schematic descriptive view illus- 
trating detection of a defective portion on the inner 
surface of a pipe over the entire circumference of 
the inner surface in accordance with the method of 

55 the present invention; 

Rg. 21 is a schematic side view illustrating 
an embodiment of the apparatus of the present 
invention; 
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(c) The range of a single run of detection, 
being only a point, is very narrow. It thus requires 
much time and labor for detecting operation, lead- 
ing to a low operating efficiency. 

The detecting method based on knocking as 
mentioned in (3) above has the following problems: 

(a) Determination of the presence of a defec- 
tive portion requires high-level experience and 
technical knowledge, with furthermore much differ- 
ences between individual operators, thus impairing 
accurate detection of the defective portion. 

(b) Detecting operation of a defective portion 
can be carried out only at a position closest to the 
outer surface of the pipe. When the pipe is in- 
stalled at an elevated position apart from the 
ground, therefore, it is necessary to provide a scaf- 
fold for detecting operation. 

(c) Detecting operation requires much time 
and labor, resulting in a low operating efficiency. 

(d) It is difficult to detect a small defective 
portion. 

The detecting method based on cutting as 
mentioned in (4) above has the following problems: 

(a) Use of the pipe must be interrupted for a 
while during cutting and detecting operations of a 
defective portion, and these cutting, detecting and 
restoring operations require much time and labor, 
resulting in a low operating efficiency. ( 

(b) When the pipe is installed at an elevated 
position apart from the ground, it is necessary to, 
provide a scaffold for detecting operation. 

Under such circumstances, there is a strong 
demand for the development of a method and an 
apparatus which permit certain, easy and efficient 
detection of an accumulation of foreign matters or 
a thinner portion as a defective portion on the inner 
surface of a pipe, the outer surface of which is 
exposed, at a position apart from the pipe in a non- 
contact manner without the need for a special 
qualification, but a method and an apparatus pro- 
vided with such properties have not as yet been 
proposed. 



SUMMARY OF THE INVENTION 

An object of the present invention is therefore 
to provide a method and an apparatus which permit 
certain, easy and efficient detection of an accu- 
mulation of foreign matters or a thinner portion as a 
defective portion on the inner surface of a pipe, the 
outer surface of which is exposed, at a position 
apart from the pipe in a non-contact manner with- 
out the need for a special qualification. 

In accordance with one of the features of the 
present invention, there is provided a method for 
detecting a defective portion on the inner surface 
of a pipe, the outer surface of which is exposed. 



characterized by: 

heating or cooling a pipe, the outer surface of 
which is exposed, from the side of the outer sur- 
face thereof or the inner surface thereof so that a 

s difference in temperature is produced between a 
portion of the outer surface of said pipe corre- 
sponding to a defective portion on the inner surface 
thereof and a portion of the outer surface of said 
pipe corresponding to a normal portion of the inner 

70 surface thereof; then shooting the outer surface of 
said pipe by means of a thermal imaging system 
while said difference in temperature still remains on 
the outer surface of said pipe to obtain a thermal 
image of said difference in temperature; and de- 

15 tecting said defective portion on the inner surface 
of said pipe by means of the thus obtained thermal 
image. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic discriptive side view 
illustrating a first embodiment of the method of the 
present invention; 

26 Fig. 2 is a schematic descriptive plan view 

illustrating the first embodiment of the method of 
the present invention as shown in Fig. 1 ; 

Fig.. 3 (A) is a descriptive view illustrating a 
temperature of a portion of the outer surface of a 

30 pipe corresponding to a normal portion of the inner 
surface of trie pipe heated from the side, of the 
. outer surface, thereof in accordance with the first 
embodiment of the method of the present invention 
as shown in Fig. 1; 

35 Fig. 3 (B) is a descriptive view illustrating a 

temperature of a portion of the outer surface of a 
pipe corresponding to an accumulation of foreign 
matters on the inner surface of the pipe heated 
from the side of the outer surface thereof in accor- 

4o dance with the first embodiment of the method of 
the present invention as shown in Fig. 1 ; 

Fig. 4 is a descriptive view illustrating a 
typical thermal image shot in accordance with the 
first embodiment of the method of the present 

45 invention as shown in Fig. 1 ; 

Fig. 5 is a schematic descriptive side view 
illustrating a second embodiment of the method of 
the present invention; 

Fig. 6 is a graph illustrating changes in tem- 

50 perature, which are caused by heating a pipe from 
the side of the outer surface thereof in accordance 
with the second embodiment of the method of the 
present invention as shown in Fig. 5, at a portion of 
the outer surface of the pipe corresponding to a 

55 normal portion of the inner surface thereof, and at a 
portion of the outer surface of the pipe correspond- 
ing to a thinner portion on the inner surface thereof; 
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METHOD AND APPARATUS FOR DETECTING DEFECTIVE PORTION ON INNER SURFACE OF PIPE 



FIELD OF THE INVENTION 

The present invention relates to a method and 
an apparatus for detecting a defective portion exist- 5 
ing on the inner surface of a pipe, the outer surface 
of which is exposed. 



BACKGROUND OF THE INVENTION 10 

On the inner surface of a pipe, the outer sur- 
face of which is exposed, installed on the ground 
for transporting, for example, a fluid such as a gas 
or a liquid, a defective portion such as those listed 
below may be present: 

(1) an accumulation of foreign matters result- 
ing from deposition of foreign matters such as rust 
and scale, and 

(2) a thinner portion caused by corrosion and 
the like. 

Presence of an accumulation of foreign matters 
as mentioned above on the inner surface of a pipe 
causes such problems as impediment of smooth 
flow of the fluid in the pipe. Presence of a thinner 
. portion as mentioned above on the inner surface of 
the pipe- ultimately results, on the other-hand, in 
such problems as production of a hole at the 
thinner portion. It is therefore necessary to promp- 
tly detect the above-mentioned defective portion on 
the inner surface of the pipe, and replace the pipe 
having the defective portion with new one. 

The following methods are known for detecting 
a defective portion on the inner surface of a pipe, 
the outer surface of which is exposed: 



(1) Detecting method using radioactive rays: 

This method comprises projecting radioactive 
rays such as X-ray or gamma-ray toward a pipe to 
be tested from the side of the outer surface there- 
of, measuring the amount of radioactive rays hav- 
ing passed through the pipe, and detecting a de- 
fective portion on the inner surface of the pipe by 
means of the amount of transmission of the radio- 
active rays. 



(2) Detecting method using ultrasonic waves: 

This method comprises transmitting ultrasonic 
waves toward a pipe to be tested from the side of 
the outer surface thereof, receiving reflected waves 
of the transmitted ultrasonic waves, measuring the 



time required up to receiving of the reflected waves 
of the transmitted ultrasonic waves, and detecting a 
defective portion on the inner surface of the pipe 
by means of the time required up to receiving of 
the reflected waves. 



(3) Detecting method based on knocking: 

This method comprises knocking a pipe to be 
tested from the side of the outer surface thereof 
with a hammer, for example, and detecting a de- 
fective portion on the inner surface of the pipe by 
means of the thus produced sound. 



75 

(4) Detecting method based on cutting: 

This method comprises cutting out a pipe to be 
20 tested to permit an operator to directly observe the 
inner surface of the pipe, thereby detecting a de- 
fective portion on the inner surface of the pipe. 

The detecting method using radioactive rays as 
mentioned in (1) above has the following problems: 
25 (a) Detecting operation of a defective portion 

cannot be conducted unless the operator is quali- 
• fied for handling radioactive rays. There is there- 
fore a limitation in personnel. 

y (b) It is difficult to make a proper judgement 
30 on the result of detection, requiring high-level ex- 
perience and technical knowledge. 

(c) Detecting operation of a defective portion 
can be carried out only at a position closest to the 
outer surface of the pipe. When the pipe is in- 

35 stalled at an elevated position apart from the 
ground, therefore, it is necessary to provide a scaf- 
fold for detecting operation. 

(d) The range of a single run of detection is 
narrow. It thus requires much time and labor for 

40 detecting operation, leading to a low operating effi- 
ciency. 

The detecting method using ultrasonic waves 
as mentioned in (2) above has the following prob- 
lems: 

45 (a) An error is often contained in the result of 

detection of a defective portion, thus preventing 
accurate detection. 

(b) Detecting operation of a defective portion 
can be carried out only at a position in contact with 

so the outer surface of the pipe. It is therefore difficult 
to conduct detecting operation when a high-tem- 
perature fluid flows through the pipe. When the 
pipe is installed at an elevated position apart from 
the ground, furthermore, it is necessary to provide 
a scaffold for detecting operation. 
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© Method and apparatus for detecting defective portion on inner surface of pipe. 



^© A method and an apparatus for detecting a de- 
fective portion on the inner surface of a pipe, the 
q outer surface of which is exposed, which comprises: 
f>s heating or cooling a pipe, the outer surface of which 
is exposed, from the side of the outer surface there- 
Qof or the inner surface thereof so that a difference in 
O temperature is produced between a portion of the 
q outer surface of the pipe corresponding to an accu- 
mulation of foreign matters or a thinner portion as a 
defective portion on the inner surface thereof and a 
l,U portion of the outer surface of the pipe correspond- 
ing to a normal portion of the inner surface thereof: 



then shooting the outer surface of the pipe by 
means of a thermal imaging system while the above- 
mentioned difference in temperature still remains on 
the outer surface of the pipe to obtain a thermal 
image of the difference in temperature; and detect- 
ing the accumulation of foreign matters or the thin- 
ner portion as the defective portion on the inner 
surface of the pipe by means of the thus obtained 
thermal image. 
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